Current Anesthesiology Reports (2018) 8:393-398
https://doi.org/10.1007/540140-018-0297-y

CANCER ANESTHESIA (B RIEDEL AND V GOTTUMUKKALA, SECTION EDITORS)

@ CrossMark

Local Anesthetics (LAs) and Cancer Cell Progression:
Is There an Oncologic Protective Role for LAs in Clinical Practice?

D. Aric EImer" - Mohamed Tiouririne?

Published online: 28 October 2018
© Springer Science+Business Media, LLC, part of Springer Nature 2018

Abstract

Purpose of Review The purpose of this article is to provide a brief review of current literature examining the potential oncologic
protective role local anesthetics may provide in the perioperative setting during cancer surgery.

Recent Findings Paradoxically, curative surgery for cancer appears to favor the development of recurrences and distant metas-
tasis. The accumulated knowledge about cancer biology and our understanding of the pathophysiological events occurring during
the perioperative period have opened several theories on potential mechanisms for this century old observation. In such, cell-
mediated immune response, the first line attack against cancer is suppressed during the perioperative period possibly providing
circulating tumor cells with a fruitful environment allowing them to escape the immune system to form local recurrence and
metastasis. In parallel, surgical stress, acute pain, and inflammatory cytokines released during surgery all directly or indirectly
contribute to the immunosuppression state. Current data indicates that surgery itself cannot be regarded as the sole culprit for this
paradox, and other factors during the perioperative period such as anesthetic drugs or anesthesia techniques are conceivably
involved as well. As an example, volatile anesthetic seem to have negative effects while propofol appears to have protective
effects. Opioids were also found to be immunosuppressive and therefore may not represent an ideal choice. Of the drugs used in
anesthesia, local anesthetics seem to be the most attractive with regard to cancer surgery.

Summary Depending on their mode of administration, local anesthetics have been found in several reports to directly or
indirectly blunt the systemic response to surgery, preserve immune function, alter cytokine release, and interfere with cancer
cell signaling pathways. They are also analgesic and have anti-inflammatory properties. The former and the latter are sought
effects in the perioperative period. However, their impact on recurrence, overall survival and metastasis remains controversial.

Keywords Local anesthetics - Cancer recurrence - Anesthesia interventions

Introduction States (US), an estimated 1.7 million new cases of cancer will

be diagnosed in 2018 and more than 600, 000 people will die

Cancer remains one of the leading causes of mortality world-
wide and incidence of new cancer cases per year is estimated
to increase to 23.6 million by 2030 globally [1]. In the United
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from their disease [2]. Fortunately, the US cancer mortality
rate has decreased since the early 1990s demonstrating an
overall trend of progress in the field of treatment. Despite this
progress, factors increasing cancer incidence, including aging
population and obesity are also on the rise [3]. These factors,
not surprisingly, are projected to dramatically increase the
number of patients undergoing cancer treatment [4]. Surgery
continues to be a mainstay in the treatment of most solid
tumors [5]. Unfortunately, most cancer deaths in patients pre-
viously treated surgically are caused by recurrence at the site
and metastatic disease [6]. In the last decade, much has been
discussed about the effects of anesthesia and analgesia tech-
niques on cancer recurrence and metastasis [7—8]. Several
reports suggest certain type of anesthetic techniques may offer
better overall survival compared to others however, there is no
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general consensus [9]. The focus of this article is to review
current literature and determine what if any protective role
against cancer proliferation and recurrence exists for local
anesthetics in clinical practice.

Impact of Perioperative Period on Cancer
Recurrencee

The phenomenon of cell progression and metastasis following
surgical removal of tumor still remain a major cause of recur-
rence and metastasis [6]. Several theories have been advanced
to elucidate the pathological mechanisms underpinning cell
transformation after curative cyto-reductive surgery for all
type of cancer [10]. There are multiple reports suggesting
certain predominant factors occurring during the perioperative
period could negatively impact cancer survival. These factors
can be divided into mechanical and humoral factors.
Mechanistically, minimal residual disease at the site of the
tumor and the release of circulating tumor cells (CTCs) into
the circulation at the time of tumor resection are believed to be
important contributors to cancer recurrence during the periop-
erative period [11-14] Prooncogenic inflammatory cytokines
released in the circulation and the suppression of cancer-
mediated immunity in response to surgical stress represent
the humoral component that may be implicated in cancer re-
lapse after surgery [11-15, 16]. Theoretically, minimal resid-
ual disease and circulating cancer cells are both directly or
indirectly influenced in the postoperative period by the abun-
dant presence of prooncogenic cytokines and by the suppres-
sion of cell-mediated immunity potentially affecting short-
and long-term recurrences [12—17]. While the intent of sur-
gery is curative in most cases, the perioperative period there-
fore can paradoxically act as a potential trigger for recur-
rences. Reciprocally, the perioperative period can be regarded
as an ideal venue for therapeutic intervention. The steady in-
crease in primary cancer diagnosis and surgical treatment par-
adoxically leading to metastatic recurrence has generated con-
siderable interest in the perioperative period and other factors
that may also influence cancer recurrence. Anesthetics and
analgesics are important perioperative considerations.
In vivo and in vitro studies of volatile anesthetics and opioids
have shown an increase in tumor proliferation while anti-
inflammatory drugs, regional anesthesia, and local anesthetics
(LA) may inhibit cell proliferation [18—19] [20].

Cancer Cell Progression
Genetic and epigenetic modifications in cell organization
commonly lead to an evasion from normal regulatory cellular

functions resulting in cell transformation [21]. Following ac-
quisition of new genetic material, a given cell must undergo
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several steps of cellular replications and genetic modifications
before achieving full malignant potential [22]. During the
transformative journey a cancer cell undertakes, it surrounds
itself with an architectural structure called tumor microenvi-
ronment. Within this tissular structure lays the fundamental
signaling pathways and machinery responsible for cancer cell
survival and progression. It is also the lieu where cancer cells
gain invasiveness and metastatic potential [23—24]. Recent
understandings in cancer microbiology unveiled tangible ex-
planation of the mechanisms underlying cancer cell progres-
sion. The concept of cancer stem cells and cancer stem cell
niches eloquently illustrates cancer cell perpetuation. It stands
on the premise; cancer stem cells bear the properties of self-
renewal, escape cell death, evade the immune system and can
remain dormant for extended period of time. For a detailed
review about cancer stem cells and cancer cell stem niches
refer to the article by Plaks V et al. [25]. Cancer cell signaling
pathways are implicated in cell proliferation, invasion, and
motility. The Src [cellular src gene] and FAK [Focal adhesion
kinase] are involved in cell invasion [26-27]. Likewise, the
Ras/MAP kinase pathway activation is associated with anti-
apoptotic features and hence cell survival. The PI-3 kinases
regulate cell growth, motility, and survival [28]. Signaling
pathway inhibitors can target these pathways. Local anes-
thetics have been found to inhibit these signaling pathways
as well [29]. Inflammation plays an important part in cancer
cell progression. Pro-inflammatory cytokines, catechol-
amines, and prostaglandins released in response to surgery
are all known to be directly or indirectly involved in cancer
cell progression through effectors such as IL-6, TNF«,
STAT3, VEGEEF, and TGF3 among others [15-30-32].

Local Anesthetics

Local anesthetics (LAs) have been used as anesthetics and
analgesics for more than a century. LAs are weak bases, which
at a pH equal to the pKA of the ionized base, will exist in
equilibrium in ionized and unionized form. The unionized
(uncharged) form will cross the cellular membrane and, once
in the cytosol, will again equilibrate with the ionized form.
This ionized form binds the intracellular portion of the
voltage-gated sodium channel in a dose-dependent manner,
inhibiting sodium influx and preventing action potential gen-
eration and conduction. LAs structures consist of hydrophilic
(typically a tertiary amine) and hydrophobic (typically an ar-
omatic moiety) domains and are classified by their intermedi-
ate amide or ester linkage. The two classes of LA differ in both
mechanism and site of metabolism. Amino esters are metab-
olized rapidly in plasma via pseudocholinesterase-mediated
ester hydrolysis and their water-soluble metabolites are excret-
ed in the urine. The rate of ester hydrolysis is dependent on the
type and location of substitution on the aromatic ring such that
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as an example, chloroprocaine is hydrolyzed many times
faster than tetracaine. Amide-linked LAs are metabolized by
dealkalization reactions in the liver where an ethyl group is
cleaved from the tertiary amine and renal clearance plays only
a minor role. In clinical practice, LAs can be administered via
several routes—(Fig. 1) local infiltration, peripherally,
neuraxially, and intravenously. IV administration of amide
LA lidocaine at low concentration is regularly used in multi-
modal analgesia in the perioperative period. To date, most of
the optimistic studies exploring the effects of anesthesia and
analgesia on cancer recurrence are dominated by the role of
loco-regional anesthesia [7-8—10]. Whether the effects ob-
served are inherent to the direct action of local anesthetics
on cancer cells or an indirect action such as blunting of the
surgical stress response or both is not completely determined.

Direct Action of Local Anesthetics on Cancer
Cells

LAs exert most of their electrical inhibitory action on nerve
fiber through binding to voltage-gated sodium channel
(VGSC) resulting in a complete blockade of action potential
transmission. These VGSC are expressed in both excitable and
non-excitable cells including cancer cells [33]. In cancer cells,
VGSC activity has been linked to increased metastatic activity
and cellular invasion. Expression of these channels has been
found in various types of cancers including prostate, breast,
cervical, colon, lung, skin, and ovarian cancers [34].
Hypothetically, binding of LAs to VGSC expressed in the cir-
culating cancer cells released at the time of surgery may affect
recurrence by decreasing metastatic potential and hence an im-
provement in overall survival. The beneficial impact of local
application of LAs on cancer recurrence was observed in pa-
tients undergoing melanoma excision. Schlagenhauff et al.
found an increase recurrence-free interval in patients who had
local anesthesia infiltration as their primary anesthetic and a
slight decrease in survival in patients who received general
anesthesia [35]. Whether this is due to LAs infiltration in the
vicinity of the tumor and binding with VGSC is biologically
possible but uncertain. Earlier studies, however, failed to show
this benefit. More recently, Koffler et al. showed that patient
who received tumescent local anesthesia for melanoma surgery
when compared to general anesthesia had a better distant
metastasis-free survival; however, overall survival was not dif-
ferent between groups [36]. Cell signaling pathways are impor-
tant in normal cell development, progression, survival, apopto-
sis, and normal regulatory functions. Multiple genetic alter-
ations of these pathways during early stages of cancer veer
natural functions from normality to abnormality. Such pathway,
the Src tyrosine protein kinase involved in cell survival, angio-
genesis, proliferation, and invasion pathways has been found to
be overly expressed in colon, breast, and prostate cancer.

Interestingly, the LAs lidocaine and ropivacaine have been
found to inhibit Src tyrosine kinase pathway in an in vitro lung
cancer cell model [29]. Likewise, Zheng et al. studied the effect
of ropivacaine on proliferation and survival pathways of chron-
ic myeloid leukemia cell lines. They found, ropivacaine to in-
hibit proliferation of chronic myeloid leukemia cell lines via
arresting cell at G2/M stage in a dose and time dependent man-
ner [37]. Additionally, ropivacaine was found to inhibit phos-
phorylation of substances involved on PI3K/Akt/mTOR signal-
ing pathways. Moreover, the combination of ropivacaine with
specific tyrosine kinase inhibitors resulted in synergistic effect
in targeting chronic myeloid leukemia cell lines [37].
Importantly, this synergistic effect of LAs anesthetic when
added to chemotherapeutic drugs was previously described in
a human Hepatocellular carcinoma cell line (HepG2) cells.
Similarly to ropivacaine, lidocaine inhibited the growth of
HepG2 cell in a dose-dependent and time manner in vitro and
in a Xenograft model in vivo. In this experiment, lidocaine
arrested cell progression in the GO/G1. Lidocaine exerted its
action through an increase in Bax protein and activated
capsase3 and a reduction in Bcl-2 protein through the ERK
(1/2) and p38 pathways. This was also observed in a thyroid
cancer cell model. K1 thyroid cancer cells were incubated with
lidocaine and bupivacaine for 24 and 48 h. Both lidocaine and
bupivacaine inhibited thyroid cancer cell growth. In this model
as well, both drugs caused an elevation of Bax protein and
reduction in Bcl-2 protein resulting in higher ratio of pro-
apoptotic to anti-apoptic actions [38]. Several other effects of
LAs action on cancer cell progression, proliferation, invasion,
and metastasis have been described for various cancers.

Indirect Actions of Local Anesthetics
on Cancer Cells

Action on Natural Killer Cell Activity

Natural killer cell, an effector of the innate immune system, acts
as the first line of defense against cancer. Together with elements
of the adaptive immune system, they detect, attack, and destroy
cancer cells from the circulation in a process called
immunoediting [39-40]. This process described five decades
ago delineates a stepwise process of the immune system dealings
with cancer cells. In the first step (elimination phase), natural
killer (NK) cells first recognize, destroy, and eliminate tumor
cells from the circulation. However, genetic and epigenetic in-
stability within the tumor microenvironment renders the im-
mune system capacity to recognize and destroy cancer cells
challenging. In this instance, tumor cells and the immune system
enter a “truce period” otherwise known as the equilibrium phase.
In this phase, tumor cells enter a period of dormancy and are
controlled by the immune system. Tumor dormancy refers to
tumors present in patients for long period of time with potential
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Fig 1. Route of administration of
local anesthetics and potential
mechanism of action. (VGSC:
voltage gated sodium channel;
NK: Natural killer)

Direct actions

VGSC

Cell signaling pathways

for reactivation, multiplication, progression, and overt develop-
ment. The latter coincides with the last phase of immunoediting:
evasion from immune system [39-41]. As described above, me-
chanical and humoral factor during the perioperative period may
play an important role in dictating local and distant recurrence
following surgery highlighting the importance of a competent
immune system. Unfortunately, the impact of the surgical stress
response has been shown to induce a state of immunosuppres-
sion overall and especially natural killer cell activity [42—43].
The activation of the hypothalamus-pituitary axis, stimulation of
the sympathetic nervous system, the secretion of pro-
inflammatory cytokines during the perioperative all contribute
to a certain amount to mitigating the immune response. Regional
and neuraxial anesthesia and/or analgesia can be considered as
the prototype model for the indirect actions of local anesthetic.
When given peripherally or neuraxially, LAs mitigate sympa-
thetic nervous system activation, blunt the surgical stress, results
in a better inflammatory cytokines profile, and hence preserva-
tion of the immune system, in return better outcomes will be
achieved with regard to cancer recurrence [44—45].
Unfortunately, literature reports and meta-analyses published
over the last decade assessing the impact of regional anesthesia
and/or analgesia on cancer recurrence have demonstrated mixed
results and no consensus has been obtained regarding the best
anesthetic approach for these patients stressing the heterogeneity
and the complexity of tumor cells and cancer treatment in gen-
eral. In vivo and in vitro studies have found that the NK cell
cytotoxic activity is preserved and sometimes enhanced by the
action of local anesthetics [20]. Cata et al. isolated NK cells from
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sera of healthy volunteers and from patients who had undergone
surgery for cancer followed by an incubation with lidocaine at
clinically relevant concentrations. They found lidocaine to stim-
ulate NK activity, NK cytolytic activity, and increased expres-
sion of NKG2D receptors. These latter receptors are often un-
regulated in cancer cells making them susceptible to NK cells
cytolytic activity [46—47]. However, previous study found a
negative association between NK cells cytotoxicity at three dif-
ferent concentrations of amide local anesthetics bupivacaine,
ropivacaine and lidocaine [48].

Action on the Inflammatory System

The relationship between cancer, the inflammatory system, and
the immune system is interlinked [11-49]. This relation has
been at center of many reviews and studies and is beyond the
scope of this article. The anti-inflammatory effects of local an-
esthetics could be regarded as a potential contributor in limiting
the inflammatory response to surgery [50]. When given intra-
venously during surgery, lidocaine has been found to ameliorate
various outcomes associated with the inflammatory derange-
ments seen in the perioperative period [20]. Whether this obser-
vation can translate to cancer surgery is undetermined.
However, there are some reasons to believe, the anti-
inflammatory actions of local anesthetics could be crucial. The
inflammatory process induced at the time of surgery, is in part
responsible for an increase in vascular permeability leading to a
disruption in endothelial barrier hence allowing for circulating
tumor cell to escape the vasculature and potentially begin the
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metastatic process [14-24]. Pro-inflammatory cytokines IL6 is
known to correlate with the magnitude of tissue injury, which in
itself correlates with the degree of immunosuppression. Early
reports found epidural analgesia reduced IL6 production in pa-
tient undergoing cervical cancer surgery. Similarly, the anesthet-
ic technique has been shown to impact the release of cytokine in
postoperatively. For example, a propofol/paravertebral-based
anesthesia technique was found to alter several inflammatory
cytokines involved in regulating perioperative immunity com-
pared to a sevoflurane/opioid anesthesia-based anesthesia in
patient undergoing breast surgery [17].

Action on the Sympathetic Nervous System

The physiological response to surgical stress is invariably asso-
ciated with the release of neurotransmitters such as epinephrine
and norepinephrine leading to an activation of the sympathetic
and the neuroendocrine system. Similarly, the hypothalamic
pituitary adrenal axis is also stimulated. In turn, the activation
of these systems is known to induce perioperative immunosup-
pression [51-52]. Additionally, the catecholamine norepineph-
rine has been implicated in the activation of the signal transduc-
er of activation and transcription (STAT3) via interaction with
31 and {3, adrenergic receptors in ovarian cancer cells [30].
Regional anesthesia has been shown to abrogate the stress re-
sponse and hence positively impacting the immune response to
surgery. As an example, in patients undergoing hip and knee
surgery under spinal anesthesia had less postoperative infection
compared to patients receiving general anesthesia [53]. This
effect is believed to be related to the blunting of ascending
neural pathways responsible for the activation of the sympathet-
ic and neuroendocrine system. Several studies suggest a close
relationship between cancer and activation of adrenergic recep-
tors. It appears also, the 3 adrenergic system is more linked than
« adrenergic system in promoting disease progression [42].
However, a recent meta-analysis suggests that beta-blockers
do not have protective effect on cancer recurrence [54].

Conclusion

Local anesthetics appear to have properties that potentially pre-
vent cell growth through modulation of the immune function
and their anti-inflammatory actions. They also seem to have the
capacity to disrupt cell cycle by interacting with key element of
cell function. Although, clinical reports from human subjects
do not seem to universally invite their utilization to prevent
cancer recurrence or the formation of distant metastasis,
in vitro and in vivo studies seem to suggest otherwise.
Currently, it is unknown if the use of LA’s during the perioper-
ative period can help prevent recurrence and improve overall
survival. Clinical randomized trials are needed to assess the
effects of local anesthetics at clinically relevant concentrations

and modes of administration on cancer cell progression and the
preservation or enhancement of cancer immunity.
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